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Purpose: This study was undertaken to examine the relationship between intraoperative 
color-flow duplex (CFD) findings and the development of restenosis in patients under- 
going carotid endarterectomy (CEA). 
Methods: Seventy-eight patients (43 male and 35 female; mean age, 65 years) underwent 86 
CEAs (eight staged bilateral) and intraoperative CFD during a 31-month period. Three 
patients (three CEAs, 3%) underwent both CFD and a completion arteriographic s an. 
Patients were observed in a postoperative protocol using CFD surveillance. The follow-up 
interval ranged from 6 to 24 months (average, 12 months). 
Results: After undergoing CEA, 10 patients (10 CEAs, 11%) had an abnormality detected 
by intraoperative CFD; one was confirmed with a completion arteriographic s an. These 
abnormalities consisted of elevated peak systolic velocities (PSV) with a mosaic color 
pattern suggesting turbulence seen in six CEAs, including one internal carotid artery (ICA) 
with abnormal hemodynamics and an unremarkable completion arteriogram. Intimal 
defects on B-mode were seen in another four CEAs. These carotid arteries were reexplored, 
defects (intimal flaps with platelet hrombus) were confirmed by direct examination, and 
all were repaired with or without a patch (six ICAs, three external carotid arteries, and one 
common carotid artery). No cerebrovascular events occurred in the perioperative p riod. 
No carotid restenosis (->50% diameter reduction) was identified during follow-up of 43 
patients (48 CEAs, 56%). Two patients had recurrent neurologic symptoms. 
Conclusion: Intraoperative CFD is an effective test for detecting flow abnormalities or 
intimal defects in patients tmdergoing CEA. Ensuring normal intraoperative hemody- 
namics after CEA may be a major factor associated with decreased incidence of 
perioperative c rebrovascular events and subsequent carotid artery restenosis. (J Vase Surg 
1996;24:588-96.) 
The goals of carotid endarterectomy (CEA) are 
the removal of constricting carotid atheroma, the 
elimination of a potential embolic source, and the 
anatomic reconstruction of the carotid bifurcation 
vessels to achieve physiologic blood-flow patterns. 
Technical perfection is of paramount importance in 
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performing carotid artery surgery, perhaps more than 
any other vascular econstructive procedure, because 
of the potential danger of devastating perioperative 
stroke. 
Arteriography was the first intraoperative method 
that was used to detect possible luminal defects in the 
endarterectomized segment, the proximal shelf, or 
the distal intima of  the carotid artery. It  was demon- 
strated that such residual defects or narrowing were 
associated with an increased incidence of periopera- 
rive cerebrovascular events and subsequent carotid 
artery restenosis. A normal-appearing completion 
arteriogram was associated with a decreased risk for 
perioperative cerebrovascular events. >2 
The development of duplex ultrasound scanning 
technology facilitated the noninvasive postoperative 
JOURNAL OF VASCULAR SURGERY 
Volume 24, Number 4 Papanicolaou et al. 589 
Table I. Indications for CEA 
Indication No. Percent 
Asymptomatic stenosis 
Before major surgery 10 12 
Carotid bruit 25 29 
Symptomatic stenosis 
Amanrosis fugax 2 2 
Transient ischemic attack 10 12 
Cerebrovascular accident 25 29 
Nonhemispheric symptoms 3 3 
Combined with CABG 11 13 
Total CEAs 86 100 
CABG, Coronary artery bypass grafting procedure. 
surveillance of the CEA site.S It was found that duplex 
examinations could identify a significant number of 
blood-flow abnormalities atthe CEA site. It was not 
clear, however, whether these flow abnormalities 
represented residual defects after CEA or recurrent 
carotid artery stenosis. 4 
More recently, color-flow duplex ultrasotmd 
(CFD) has been used during surgery immediately 
after closure of the arteriotomy to identify vascular 
wall defects and blood-flow abnormalities that might 
not be seen with completion arteriographic s ans, -7 
CFD images the arterial wall (B-mode) and, in 
addition, provides hemodynamic information with 
regard to the presence or absence of blood-flow 
turbulence. Peak systolic velocity (PSV) and end- 
diastolic velocity (EDV) measurements are possible. 
It has been suggested that flow abnormalities or
luminal defects have the potential to stimulate myo- 
intimal hyperplasia nd to evolve into hemodynami- 
cally significant restenosis (defined as >_50% diameter 
reduction). These lesions might be seen in subsequent 
follow-up CFD studies if a surveillance protocol is 
implemented after surgery. 6,8,9 
The purpose of our study was to review our recent 
experience with a consecutive series of 86 CEAs in 
which CFD was used to evaluate the immediate 
technical result during surgery and was the predomi- 
nate diagnostic method used before and after surgery 
to determine the early restenosis rate. 
PATIENTS AND METHODS 
Patient population. Seventy-eight patients (43 
men [55%] and 35 women [45%]; mean age, 65 years; 
age range, 42 to 81 years) were prospectively enrolled 
in the intraoperativc CFD scanning study. Atheroscle- 
rosis risk factors included hypertension in 64 patients 
(81%), a history of smoking in 56 (71%), type II 
diabetes mcllitus in 37 (47%), and hyperlipidemia in 
29 (37%). The average time from the diagnosis of the 
hypertension to presentation was 15.7 years; for 
Table II. Preoperative diagnostic 
carotid imaging 
Test No. Percent 
Duplex only 60 70 
Duplex and arteriography 26 30 
Total CEAs 86 100 
diabetes the average time was 21.7 years. Smokers had 
an average 43.5 pack-year history. 
These 78 patients underwent 86 consecutive 
CEAs (eight staged bilateral) between March 1993 
and September 1995. The indications for the CEA are 
shown in Table I. The criteria established by the 
North American Symptomatic Carotid Endarterec- 
tomy Trial (NASCET) 1° and the European Carotid 
Surgery Trial (ECST) 11 (_>70% diameter-reducing 
stenosis) wcrc applied for symptomatic carotid ath- 
erosclerosis. Endarterectomy was performed for 
asymptomatic atherosclerosis if the stcnosis was _>80% 
of the diameter. 12The preoperative carotid imaging 
method used is depicted in Table II. All patients 
underwent preoperative CFD. In addition, apreop- 
erative arteriogram was obtained to determine the 
exact degree of stenosis in 16 symptomatic patients 
who had 50% to 79% diameter-reducing stenosis 
identified by CFD. A four-vessel arteriogram was also 
obtained when the cerebral symptoms could not be 
explained on the basis of the CFD findings. Seventy 
percent of the CEAs were performed on the basis of 
the preoperative CFD result and appropriate neuro- 
logic findings. The criteria for classification of the 
internal carotid artery (ICA) stenosis by CFD used 
before, during, and after surgery are shown in Table 
III. The preoperative CFD spectral classification of 
ICA stenosis is depicted in Table IV. 
Operative technique. All CEAs were performed 
with the patient under general anesthesia. Hemody- 
namic monitoring was accomplished with a peripheral 
arterial line (blood pressure) and central venous cath- 
eter (central venous pressure). Pulmonary artery 
catheter (Swan-Ganz) monitoring was not required. 
Surgical exposure was accomplished through averti- 
cal skin incision, and retractors were placed superficial 
to the platysma muscle to avoid nerve injury. All pa- 
tients received 7500 U of systemic heparin. Rummel 
tourniquets were placed on the common carotid ar- 
tery (CCA) and ICA. The arteriotomy was extended 
distal to the ICA plaque. A 10F or 12F straight inlay- 
ing carotid shunt was routinely used. An unhurried, 
meticulous endarterectomy was performed own to 
the external elastic lamina with feathering of the distal 
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Table III. Duplex criteria for classification of ICA stenosis 
Diameter 
Class reduction PSV ED V Flow characteristics 
A 0% < 125 cm/sec 
B 1% to 15% < 125 cm/sec 
C 16% to 49% < 125 cm/sec 
D 50% to 79% > 125 cm/sec 
D+ 80% to 99% > 125 cm/sec > 140 cm/sec 
No spectral broadening. Boundary-layer flow separation 
seen in carotid bulb 
Spectral broadening present during deceleration phase 
of systole 
Spectral broadening present during entire systole 
Extensive spectral broadening 
Extensive spectral broadening 
Table IV. Preoperative duplex spectral 
classification of ICA stenosis 
Class No. Percent 
D (50% to 79%) 16 18.6 
D+ (80% to 99%) 70 81.4 
Total 86 100 
plaque. Eversion endarterectomy of the external ca- 
rotid artery (ECA) distal to the superior thyroid ar- 
tery was performed in all CEAs. One to three inter- 
rupted istal tacking sutures of 7-0 prolene were used 
to tack down the distal intimal plaque in the ICA if 
feathering was incomplete. The arteriotomy was 
closed primarily or with a Dacron patch 5-mm in 
width if the carotid artery would not easily accept a 
10F shunt. Greater saphenous vein that had been 
harvested from the thigh was used if a patch was 
required in CEAs combined with coronary artery 
bypass grafts because of the prolonged hepariniza- 
tion. In routine CEAs the heparin was reversed with 
50 to 75 mg of protamine sulfate after completion 
of the intraoperative CFD. 
Patients were awakened and extubated on the 
operating table. They were transferred tothe recovery 
room and subsequently o the surgical intensive care 
unit, where they remained approximately 24hours for 
neurologic and hemodynamic monitoring. 
Intraoperative CFD scanning protocol. Intra- 
operative CFD was performed with an ATL Ultra- 
mark 9 scanner (Advanced Technology Laboratories, 
Bothell, Wash.). A 7.5-MHz linear array imaging 
probe combining 5-MHz pulsed Doppler with a 
1-mm sample volume at a 60-degree flow angle was 
used for all surveillance carotid CFD studies before, 
during, and after surgery. 
The intraoperative CFD is performed after cover- 
ing the standard 7.5-MHz/5-MHz linear array probe 
with a 1.5-cm thickness of silicon stand-off and 
placing it in a sterile plastic sheath. The space between 
the plastic sheath and the scanhead was filled with 
ultrasonic gel. Air bubbles were carefully avoided 
between the scanhead and the sheath. After the 
completion of the CEA, the cervical wound was filled 
with sterile normal saline solution for better acoustic 
transmission, and the covered scanhead was placed 
directly on the carotid vessels, starting proximally at 
the CCA and advancing distally. An experienced 
vascular technologist was present during the intraop- 
erative scanning to adjust he instrument while the 
surgeon was manipulating the probe over the carotid 
arteries to obtain the optimum image. The CCAs, 
ICAs, and ECAs were imaged with B-mode ultra- 
sound and Doppler in both transverse and longitudi- 
nai orientations to identify irregularities on the vas- 
cular wall or areas of flow disturbance. The probe was 
moved slowly, and the exposed carotid arteries were 
mapped along the entire course distal to the end of the 
suture line in the ICA. Selective spectral waveforms 
and PSVs, using a <60 degree angle between the 
pulsed Doppler beam and the direction of blood flow, 
were recorded from the proximal CCA, distal CCA, 
carotid bulb, proximal ICA, distal ICA, and ECA. 
Particular attention was paid at the proximal shelf in 
the CCA and the distal intima in the ICA. The 
presence or absence of laminar flow was noted. The 
color Doppler and B-mode information was recorded 
on videotape. Selective spectral waveforms from each 
representative carotid artery segment were also re- 
corded on color prints. 
When an intraoperative completion arteriogram 
was performed, it was accomplished by injecting 10 
ml of 50% Hypaque contrast hrough a 21-gauge 
butterfly needle inserted into the common carotid 
artery proximal to the endarterectomy site. Exposures 
were obtained with a portable x-ray unit on 17" × 14" 
cut film. 
Study groups. The ICA CFD findings were 
grouped according to the University of Washington 
classification system (Table III). With regard to the 
spectral class of the final intraoperative CFD, three 
groups of CEAs were identified. Group A included 
CEAs in which the intraoperative CFD study showed 
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Table V. Intraoperative duplex finding in ICAs requiring repair (n = 6) 
Before repair 
PSV (cm/sec) B-mode defect Patch PSV (cm/sec) 
Afterrepair 
B-mode defect Patch 
341 No No 116 No Yes 
332 No No 62 No Yes 
251 No Yes 103 No Yes 
240 Yes No 120 No Yes 
140 No Yes 104 No Yes 
135 Yes No 70 No Yes 
Table VI. Intraoperative duplex findings in ECAs requiring repair 
Before repair After repair 
PSV (cm/sec) B-mode defect Patch (ICA) PSV (cm/sec) B-mode defect Patch (ICA) 
233 Yes Yes 93 No Yes 
262 Yes Yes 115 No Yes 
181 Yes Yes 84 No Yes 
normal hemodynamics n the ICA (class A). Group B 
included CEAs in which the intraoperative CFD 
showed spectral broadening during the deceleration 
phase and normal PSV and EDV in the ICA (class B). 
Group C included CEAs in which the intraoperative 
CFD showed spectral broadening during the entire 
systolic phase and normal PSV and EDV in the ICA 
(class C). 
Intraoperative CFD class D or D+ (PSV greater 
than 125 cm/sec with extensive spectral broadening) 
was deemed an unacceptable surgical result, and these 
carotid arteries were reopened, explored, and re- 
paired with a patch. After an acceptable repeat CFD 
they were reassigned toone of the three groups. 
The postoperative carotid surveillance included 
scanning with CFD every 6 months for the first year 
and yearly thereafter. Statistical comparisons between 
the groups were carried out with the )~2 test. 
RESULTS 
Ten patients (10 CEAs, 11.6%) had an abnormal- 
ity after CEA that was detected by intraoperative 
CFD; one abnormality was confirmed by a comple- 
tion arteriogram. Six ICAs (7%) had a mosaic color 
pattern, which suggested turbulence and an elevated 
PSV greater than 125 cm/sec. One of these ICAs had 
a PSV of 202 cm/sec, an EDV of 120 cm/sec with 
spectral broadening, and an unremarkable comple- 
tion arteriogram. These ten carotid arteries were 
reexplored. Defects that consisted of intimal flap in 
the ICA with or without platelet hrombus were 
confirmed by direct examination, and all were re- 
paired with a patch (Table V). Significant intimal 
Table VII. Intraoperative duplex average 
velocity values after CEA, including 10 repaired 
CEas (n = 86) 
CCA ICA ECA 
PSV (cm/sec) 60 86 76 
EDV (cm/sec) 15 35 8 
defects (greater than 2 or 3 mm) on B-mode were 
observed in another four CEAs (4.6%). Three CEAs 
(3%) demonstrated an intimal defect in the ECA that 
was associated with elevated ECA PSV (Table VI). 
One B-mode defect greater than 3 mm that was not 
associated with hemodynamic abnormality (focal 
PSV, 67 cm/sec) was seen in the distal CCA at the 
proximal intimal shelf. This carotid was reexplored, 
the intimal flap identified and removed. The arteri- 
otomy was closed without a patch. 
The mean values of PSV and EDV after CEA that 
were measured inthe CCA, ICA, and ECA, including 
the 10 CEAs after epair, are presented inTable VII. 
All CEAs were also classified into three groups ac- 
cording to the intraoperative ICA CFD findings with 
pulsed Doppler. Forty-two percent of the CEAs had a 
normal-appearing ( roup A) intraoperative CFD. 
Forty-three percent of the CEAs belonged to group B 
and 15% to group C. The frequency of use of distal 
ICA tacking sutures or patches for arteriotomy clo- 
sure were noted in each of the three groups (Table 
VIII). 
To focus more specifically on the use of tacking 
sutures and patches for arteriotomy closure, we corn- 
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Table VIII. Intraoperative duplex spectral class oflCA after CEA in relation to use of patch or 
tacking sutures 
A (0%) B (1% to 15%) C (16% to 49%) 
Class No. Percent No. Percent No. Percent Total 
CEAs 36 42 37 43 13 15 86 
Patch* 25 69:~ 15 40:~ 4 31:~ 44 
Tacking sutures1" 7 19:~ 10 27:~ 5 38:~ 22 
*p = 0.0135, Z 2 test. 
]'p = NS. 
:~In relation to the CEAs in the respective group. 
Table IX. Intraoperative duplex classification of ICAs and postoperative r gression or progression 
with regard to spectral characteristics (n = 48) 
Regression to No Progression to Progression to Progression to 
class B progression class B class C class E (occlusion) 
Intraoperative 
classification CEAs No. Percent No. Percent No. Percent No. Percent No. Percent 
A (0%) 17 9 53 5 29 3 18 
B (1% to 15%) 24 16 66.6 8 33.3 
C (16% to 49%) 7 3 43 2 28.5 2 28.5 
Total 48 3 6.2 27 56.2 5 10.4 11 23 2 4.2 
pared the three intraoperative CFD groups. The 36 
CEAs that had normal-appearing CFD (group A) 
were closed with 25 patches (69%), whereas the 13 
CEAs in group C received only four patches (31%). 
The frequency of the use of a patch in group B was 
intermediate, at 40%. These differences were statisti- 
cally significant (p = 0.0135, )~2 test, 2 x 3 contin- 
gency table). Tacking sutures were used less fre- 
quently in the normal-appearing group A (19%; seven 
of 36 CEAs). Group C had the highest rate of use of 
tacking sutures (38%; five of 13 CEAs). Group B again 
was intermediate, with 27% (10 of 37 CEAs). These 
differences, however, did not attain statistical signifi- 
cance (p = 0.356, )C 2 test, 2 x 3 contingency table). 
No cerebrovascular events or deaths occurred in 
the perioperative period. Complications included 
four paralyzed vocal cords (5%), two of which re- 
quired silicon injection; one marginal mandibular 
nerve palsy; four neck hematomas (5 %) that required 
reexploration and evacuation i the operating room; 
and two nonlethal myocardial infarctions. One pa- 
tient had respiratory failure after combined CEA and 
coronary artery bypass grafting procedure, which 
required tracheostomy and prolonged hospitaliza- 
tion. The patient, however, emained neurologically 
intact. 
Follow-up interval ranged from 6 to 24 months 
(average, 12 months), and data were available on 43 
patients (48 CEAs, 56%). One patient died from 
multiorgan failure 3 months after CEA. An aortorenal 
bypass procedure was performed 1week after CEA. 
The patient's postoperative course was complicated 
by gastric blecding, which resulted in a prolonged 
ICU stay. Death was unrelated to the CEA itself. 
Recurrent neurologic symptoms were observed in 
two patients. One female patient had ipsilateral cen- 
tral loss of vision 6 months after the CEA. The ICA 
was found to be patent but slightly dilated on the 
CFD. The patient was managed conservatively. The 
second patient had a left-hemisphere transient is- 
chemic attack. She was known to have a 50% to 79% 
diameter-reducing ternal carotid stenosis on the 
contralateral, unoperated side. 
CFD follow-up data of the 48 CEAs (56% of total) 
with regard to the intraoperative classification are 
presented inTable IX. Carotid restenosis (defined as 
_>50% diameter reduction) did not develop in any of 
the patients who were observed. No evidence of 
progression orregression to a higher or lower spectral 
class was noted in 27 of the 48 ICAs (56.2%). 
Progression to class B was noted in five ICAs (10.5%), 
and progression to class C was noted in 11 (23%). 
Regression from class C to a class B was noted in three 
of seven ICAs (43%), or 6.2% of the total. 
During the follow-up, two patients (two CEAs, 
4.2%) whose ICAs were classified uring surgery as 
group C were found to have silent occlusion of the 
operated ICA (progression to class E). Both occlu- 
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sions occurred within the first 6 months after CEA. 
The first patient had a very narrow lumen in the distal 
ICA during the operation. Preoperative CFD had 
demonstrated preocclusive high-grade stenosis. A 
shunt could not be inserted, and the endarterectomy 
was performed without it. The arteriotomywas closed 
with a patch. 
Intraoperative CFD showed a patent ICA but 
diminished PSV and EDV with spectral broadening 
(class C) suggesting an obstructive l sion at the most 
distal portion of the ICA. There were no neurologic 
sequela fter the CEA. However, the ICA occluded 
despite anticoagulation with warfarin. The second 
patient had history of hemisphere stroke and had 
amaurosis fugax. On the preoperative arteriogram the 
middle cerebral artery on the ipsilaterai side appeared 
to be occluded. The ophthalmic artery was patent and 
served as the only outflow vessel of the stenotic ICA. 
The intraoperative CFD findings were consistent with 
class C. None of the observed ECAs occluded uring 
the follow-up interval: 
DISCUSSION 
NASCET ~° and ECST n unequivocally docu- 
mented the superiority of CEA over conservative 
medical treatment for symptomatic carotid artery 
lesions that produce _>70% diameter-reducing steno- 
sis. Furthermore the Asymptomatic Carotid Athero- 
sclerosis Study (ACAS) ~3 reported that in patients 
who have _>60% as3/mptomatic carotid stenosis, CEA 
would reduce the 5-year risk (55% reduction) of 
ipsilateral stroke if the perioperative morbidity and 
mortality rate was less than 3%. 
Arteriography as been challenged by CFD as the 
gold standard for the preoperative and intraoperative 
evaluation of patients with carotid artery athero- 
sclerosis who undergo CEA. CFD, without arteri- 
ography, has been used increasingly as the sole pre- 
operative imaging method, and 70% of the CEAs in 
these series were performed on the basis of a carotid 
lesion detected by CFD and appropriate neurologic 
findings. 
Carotid arteriographic s ans were used selectively 
in patients who had symptoms when, by CFD criteria, 
the stenosis was at the 50% to 79% range to determine 
whether the degree ofstenosis was greater than or less 
than 70% of the diameter, because our institution was 
participating in the NASCET study and this was an 
important inclusion criterion. Arteriographic scans 
also were obtained when the physical examination r
CFD suggested either inflow (arch) disease or diffuse 
distal internal carotid plaque. Four-vessel arterio- 
graphic scans were recommended when the cerebral 
symptoms were not adequately explained on the basis 
of CFD findings. 14 
The value of performing completion arterio- 
graphic scans after CEA was reported by Rosental et 
al.ls Intraoperative arteriographic s ans were per- 
formed in 260 CEAs, and an unacceptable d fect that 
required repair was demonstrated in 21 of the CEAs 
(8%). Eleven of the defects (4.2%) were found in the 
ECA, seven (2.6%) in the ICA, and three (1.2%) in the 
CCA. They also noted that in their last 100 CEAs only 
defects in the ECA were seen, and they attributed this 
observation to the intensified effort made for near- 
perfect angiographic results in CEAs. However, cor- 
relation between angiographic results, neurologic 
sequelae, and recurrent stenosis was not carried out 
in their study. 
In a previously reported series of 100 CEAs from 
this institution, 16an intraoperative arteriogram was 
obtained in 99 cases. Four studies (4%) revealed 
anatomic abnormalities that resulted in the immedi- 
ate repair of the CEAs. Two defects (50%) were in the 
ECA (one occlusion and an intimal flap), one defect 
(25%) was at the proximal CCA, and another one 
(25%) was a narrowing and kinking of the ICA. 
Perioperative neurologic omplications (two cere- 
brovascular accidents and one transient ischemic 
attack) occurred in three patients (3%). Follow-up 
CFD scanning, however, was not available to address 
the issue ofrestenosis. 
Baker et al.,a7 in a series of 316 CEAs, concluded 
that a normal intraoperative CFD scan was associated 
with improved surgical results (only 1.6% early stroke 
rate) and late patency rates. Only 14.5% of the arteries 
that had B-mode defects were reexplored. Defects less 
than 2- to 3-mm in size in the ICAwere left alone. The 
restenosis rate was 17% in the unrepaired carotid 
arteries, but only 4.3% in the normal ones (p < 0.001 )
during an average 21.6 month follow-up interval. 
Kinney and associates ~ reported a series of 461 
CEAs in which intraoperative CFD was used and 5.6% 
of the endarterectomy sites were revised. The peri- 
operative stroke rate was 1.3%, and the stroke-related 
mortality rate was 1%. The incidence of_>50% diam- 
eter-reducing ICA stenosis or occlusion was increased 
(p = 0.007) in patients who had residual f ow abnor- 
malities. Patients who had normal intraoperative flow 
studies had a significantly lower rate of late ipsilateral 
stroke than the remaining patient cohort (p = 0.04). 
Recurrent stenosis developed in 35 carotid arteries 
(8%) during a mean follow-up interval of 30 months. 
A significantly ower incidence of recurrent stenosis 
was observed inthe group of patients who had no flow 
disturbance than in the group of patients who had 
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mild or moderate flow disturbance shown by intraop- 
erative ultrasound studies (p = 0.003). The authors 
concluded that confirmation of a normal repair at the 
time of operation minimizes ischemic neurologic 
events and restenosis after CEA. 
Our experience suggests that completion arterio- 
graphic scans performed after CEA may underesti- 
mate the severity of a technical defect. Ten carotid 
arteries (11%) were reexplored in our study. Six of the 
reexplorations (7%) were performed on the basis of 
the presence of turbulence and an abnormal spectrum 
with or without defects in the B-mode image. This 
observation depicts the usefulness of CFD as a 
method to reveal the technical defects that produce 
blood-flow disturbances but cannot be reliably de- 
tected with B-mode imaging alone or completion 
arteriographic s ans. 
Technical defects hown on B-mode images were 
most commonly identified at the ECA, the site of  the 
residual plaque. Three such defects (3%) were identi- 
fied, and all were greater than 2-or 3-mm in size. 
These were corrected through a separate transverse 
arteriotomy on the ECA. 
Patch closure of the arteriotomy favorably influ- 
enced the carotid hemodynamics as shown by the 
intraoperative CFD results. In a prospective study of 
801 CEAs, Hertzer et al.19 demonstrated that the 
saphenous vein patch group when compared with the 
no-patch group had a significantly lower incidence of 
perioperative stroke (0.7% vs 3.1%), early thrombosis 
of the ICA (0.5% vs 3.1%), and late recurrent stenosis 
_>30% (4.8% vs 14%) during a 3-year period. 
The use oftacldng sutures on the distal intima has 
been associated with a higher incidence ofrestenosis 
or occlusion (p < 0.01). 20 This observation was not 
confirmed in our study. Although the frequency of use 
of tacldng sutures was similar in the two studies 
(28.6% in Aldoori's study and 26% in ours), the use of 
patch closure was more frequent in our current report 
(6% vs 51%, respectively). Patch closure might have 
compensated for the potential adverse ffect on ca- 
rotid hemodynamics a sociated with the use of tack- 
ing sutures. 
Two ICAs became thrombosed uring the fol- 
low-up period. Thrombosis in the first patient might 
be related to the poor intracranial outflow. The 
second thrombosis occurred in an ICA that had a very 
narrow lumen. The distal ICA had low blood flow 
detected by intraoperative CFD. The stenosis prob- 
ably extended to the intracranial portion of the 
carotid artery. None of the ECAs became thrombosed 
during follow-up. Although some investigators might 
question the need for technical perfection i the ECA, 
occlusion of the ECA after CEA has been associated 
with chronic ICA embolization or retrograde clot 
propagation and extension of  the thrombotic process 
in the ICA resulting in devastating stroke. 21 More- 
over, a widely patent ECA can provide important 
collateral circulation. 22 
The results of this study support the hypothesis 
that an endarterectomized carotid artery that has 
normal intraoperative h modynamics shown by CFD 
immediately after closure is unlikely to develop recur- 
rent stenosis. During the mean follow-up period of 12 
months, carotid restenosis, defined as _>5 0% diameter 
reduction, did not develop in any of 43 patients (48 
CEAs, 56%). Other investigators 23'24 have reported 
that restenosis may occur in 6% to 21% of CEAs 
during the follow-up period. 
The observation that the CEAs that had normal 
intraoperative CFD findings (class A) later progressed 
to a higher CFD class (B or C) may be explained by the 
fact that arterial healing is a dynamic process that is 
not exclusively related to the technical result of the 
endarterectomy. The biologic process of carotid re- 
stenosis is probably multifactorial and only partially 
associated with the local hemodynamic factors. 9 
We conclude, therefore, that the intraoperative 
use of CFD for evaluation of the technical result of 
CEA has undoubtedly improved the immediate sur- 
gical outcome and has favorably diminished the po- 
tential for development ofrecurrent carotid stenosis. 
The authors thank Anne E. Siegel, RN, RVT, Roberta 
Poppiti, BS, RVT, Daniel Brewer, RVT, and Susana Perese, 
RVT, for their invaluable technical assistance. 
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DISCUSSION 
Dr. John Thomas Mehigan (Palo Alto, Calif.). Since 
Dr. Blaisdell in i967 first proposed that completion anglo- 
graphic scans be performed at the time of carotid recon- 
struction, efforts to improve perioperative stroke rates as 
well as recurrence rates with intraoperative surveillance have 
received much attention. Available techniques now include 
CFD, as reported here, angioscopy, and traditional rterio- 
graphic scans. 
This report concerns the use of completion CFD in 86 
CEAs performed in 78 patients over a 31 month period. 
Special interest in immediate results and early restenosis 
rates were the prominent points of interest. 
Because of CFD findings of an increased PSV greater 
than 125 cm/sec with mosaic color patterns in six, or 
greater than 2- to 3-mm intimal defects in four, 10 of these 
86 endarterectomies, or 11.6%, underwent reopening of 
the arteriotomy and correction of the defect, and all were 
repaired with a patch. 
Immediate results were excellent in that no periopera- 
tive neurologic events or deaths occurred. There was, 
however, a 5% rate of return to the operating room for 
evacuation of hematoma, nd a 5% vocal-cord injury rate. 
Not addressed, but of substantial interest, was the 
requirement for a trained vascular technician i the operat- 
ing room at the time of the procedure, the consequent costs 
entailed, the time required for the procedure, and the 
average length of stay in the overall series. The patients were 
observed after surgery with CFD, but success in follow-up 
was accomplished in only 48 of 78 patients, or 56%. 
During the early follow-up eriod here reported, 56% of 
the endarterectomy sites were stable, 6% were improved, 
but 38% actually deteriorated by CFD when compared 
with intraoperative studies. Only one neurologic event 
possibly attributable to the endarterectomy site occurred 
in follow-up. 
I would like to compliment the authors on their 
continued scholarship in this complex area, and offer the 
following questions. Why was the study's follow-up limited 
to only 48 CEAs of 86 total, or 56%? Only a few additional 
patients with different outcomes could substantially alter 
your ultimate conclusions. 
You showed that patch closure significantly improved 
the intraoperative hemodynamics, but did not provide 
analysis of patch versus no patch in its relationship to early 
restenosis. Instead, you quoted from another study. What 
were your results, are you now patching routinely, especially 
in light of the fact that all of your reexplorations were 
patched? 
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You conclude in your final paragraph that CFD has 
improved immediate surgical results. However, this is not a 
controlled series. How was this conclusion made--perhaps 
in comparison with your previous series that studied 
completion arteriographic s ans? 
You conclude that there is a decrease in early recurrence 
rates when intraoperative completion CFD and correction 
of significant defects occurs. How is this conclusion possible 
when follow-up indicates that 38% of cases actually dete- 
riorated in the average 12-month period? 
Dr. George Papanicolaou. We are a referral center, so 
we get our patients from primary care physicians. It is 
difficult o get these patients to come back to our vascular 
laboratory and have them undergo a repeat carotid duplex 
scan. Also, a significant number of patients are hard to 
follow-up because they have moved to another state or to 
another country. 
With regard to your second question, we did not want 
to pursue further analysis of the restenosis rate in carotid 
arteries that were closed with patch versus no patch because 
of the limited follow-up we had. Further analysis would be 
subject to the same possible flaws that you mentioned. This 
is a preliminary study. I f  we succeed and bring the patients 
back and have a better follow-up, certainly we will proceed 
and further analyze our data with regard to the restenosis 
rate and the use of patch versus no patch. 
We do not recommend the routine use of patch. We 
have just made an observation that all of the carotid arteries 
that were repaired with the patch had an improvement in
their intraoperative h modynamics. We do not support that 
a perfect CEA cannot be performed without the use of a 
patch. As a rule of thumb, if a 10F shunt cannot be easily 
inserted, we will patch the carotid. Usually this corresponds 
with a 5-mm diameter artery. 
As you have identified, this is not a prospective random- 
ized study. We believe that he use ofintraoperative CFD has 
improved our results if we compare them to the historical 
controls. The results of our previous study, in which 
completion carotid arteriographic s ans were performed, 
showed a 3% perioperative cerebrovascular complication 
rate. We had no perioperative cerebrovascular complica- 
tions in the recent series. 
Your last comment was that 38% of the cases deterio- 
rated during follow-up. I think they simply progressed to 
another higher class, but they did not develop carotid 
restenosis, which usually is defined as ___50% diameter 
reduction. Two carotid arteries occluded during the first 
6 months, and both belonged to the intraoperative class C. 
So this probably suggests that if you have a suboptimal 
intraoperative CFD CEA study, you may have further 
problems, even occlusion of the CEA site. 
Dr. Max R. Gaspar (Long Beach, Calif.). I really didn't 
intend to discuss this paper, but inasmuch as John Mehigan 
mentioned the controversy 30 years ago when Bill Blaisdell 
threw down the gauntlet to us and said, "Well, if you can do 
any better, let's see you do it." 
So we did start doing intraoperative completion arte- 
riographic scans, and really the key to doing it successfully 
was having a dedicated technician i  the operating room all 
the time so that we could perfect our technique. 
We went over the first 200 or 300 cases, and as I recall, 
there were about 8% defects in the CCA, the ECA. In the 
ICA it was about 4%, if I  recall correctly. I thought sure that 
we would get better as rime went on, but the last time I 
reviewed about 1200 cases, it still wasn't much better. It was 
still around 6% to 7% of defects in either the CCA, ECA, or 
ICA. Others who have studied this have had fairly similar 
results. Some have been lower. Some have been a little bit 
higher. I think there is an irreducible minimum. There are 
always going to be some defects, and when you see them 
they should be corrected. 
I realize that this is a preliminary report, but in those 
cases in which you performed both the CFD and the 
angiographic s an, how did they correlate? Which was the 
easier to perform in the operating room? Everybody thinks 
angiographic s ans take a long time, but they only take 5 to 
10 minutes. 
Dr. Papanicolaou. We performed completion anglo- 
graphic scans only in three cases in the beginning of the 
study when we were in the learning process. We found that 
one angiographic picture did not correlate with the result of 
the intraoperative CFD. In fact, the angiographic scan 
missed a significant defect. When we reopened the artery, 
we found platelet thrombus in the ICA at the distal intima 
flap, which the CFD had identified by color-flow and 
spectral analysis. In the other two cases the completion 
angiographic s an agreed with the CFD findings. 
Our vascular laboratory isclose to the operating room, 
and it takes only 5 minutes for the technologist tomove the 
equipment. Usually the study takes no more than 10 
minutes. So I think if you perform routine intraoperative 
CFD in vascular surgery, you can improve the time required 
for the intraoperatlve carotid CFD and bring it down to 10 
minutes. 
